The block correlation is the correlation between the block kriging prediction of a variable 1 and the true spatial mean which it estimates, computed for a particular sampling configu-2 ration and block size over the stochastic model which underlies the kriging prediction. This is also possible to compute the concordance correlation, a modified correlation which mea-5 sures the extent to which the block kriging prediction and true block spatial mean conform 6 to the 1:1 line, and so is sensitive to the tendency of the kriging predictor to over-smooth.
Introduction

27
In conventional soil survey the scale of the published map plays a tacit role in commu-28 nicating to the user an understanding of the uncertainty in the information that it conveys.
29
The intensity of field effort affects the uncertainty of predictions made from the resulting soil 30 map in terms of soil classes and soil properties . Soil survey 31 organizations have conventionally required that maps be supported by some fixed density 32 of field observations on the published map . For example, soil 33 maps in British Columbia should be supported by about 1 observation per cm 2 of published ratios should be addressed in this new setting. They made a link with the spatial resolution,
48
expressed by the dimension of the raster cell or pixel (I assume square pixels in this paper).
49
Tobler (1988) proposed a heuristic rule by which information that could be communicated that the block prediction is perfect, and zero that the prediction includes no information,
112
with intermediate values implying some degree of deviation from the 1:1 line.
113
In this paper I develop the concept of the block correlation and concordance correla-114 tion and show how they can be computed for block kriging. I then use them to examine the 115 extent to which, ceteris paribus, the block length for the kriged map serves as a proxy for 116 information quality. In particular I consider how the block concordance correlation might be 117 used to select both block size and sample density for a soil map where there is some freedom 118 to select a block size. In principle the block correlation could be fixed at some value as a 119 quality standard and block size adjusted so as to achieve this. 
Block correlation
122
Supports are defined in two dimensions, assuming sampling to some fixed depth for 123 intensive properties such as concentrations. The region of interest is denoted by R ∈ R 2 .
124
The variable of interest, measured at location x ∈ R, is denoted by z(x) and is treated 125 as a realization of a random variable Z(x). I denote some block of support B centred s ∈ x B → max i=1,2 |s i − x i | ≤ 100. The quantity of interest is the spatial mean of z across
The ordinary kriging estimate of this quantity is denoted byZ(x B ), and the ordinary
is obtained with the estimate where
By the block correlation we mean
where Corr [·, ·] predictor,Z(x B ), and the true spatial mean of the block which it predicts,z(x B ), and 
148
The block kriging prediction is obtained from a set of N observations, and the covari- 
We now require the variance of the block spatial mean. This can be obtained by 154 applying Krige's relation (Journel and Huijbregts, 1978) to give
where the variance of Z is the a priori variance of the variable and σ 
where γ(h) is the variogram function used for kriging. Again, this term is calculated as part
158
of the computation for ordinary block kriging.
159
It is therefore possible to calculate all the terms required to find the covariance of the 160 block mean with the ordinary kriging predictor, Eq [4] , and this can then be standardized to 161 obtain the block correlation been used elsewhere in soil science (e.g Corstanje et al., 2008) .
180
The concordance correlation for two variables can be written as
Because ordinary kriging is unbiased the difference between the means in the denom-
182
inator goes to zero, and so we can write the block concordance correlation as
Substituting the expression for the covariance in Eq [4] gives
From Eqs [8] and [10] it can be seen that than the block correlation this is due to differences in the variance because of the smoothing 188 effect of the kriging predictor, which will be most pronounced when observations are collected 189 on sampling grids which are coarse relative to the range of spatial correlation. 
Hypothetical examples
191
The expressions given above were used to compute block correlations and concordance
192
correlations in different settings. In each case I considered the block correlation and concor-
193
dance correlation for a cell-centred square block using the nearest 400 observations from a 194 square sampling grid. Note that in this paper 'grid spacing' always denotes the spacing of the sample grid. Grid spacings from 100 to 1000 m were considered, and correlations were 196 computed for square blocks of length 10 m to 500 m.
197
Three spatial models were considered. In each case there was a nugget component and on the grid spacing in the short-range-dominated case.
217
iii. For any fixed grid spacing and block size the block correlation is smallest in the short-218 range dominated case and largest in the long-range dominated case.
219
The first point shows that the effect of block length on uncertainty of the prediction 220 depends strongly on the important scales of spatial variation and the sampling intensity.
221
The effect may be small, in which case there is no strong reason to take uncertainty and its interval in the data, and the measurement error component treated as a nugget effect.
246
The block concordance correlations in Figure 1 show similar behaviour to the block 247 correlations, with similar effects of grid size and block length depending on the underlying 248 spatial dependence. In Figure 2 there is little difference between the block correlations and variance is 11.6.
296
The procedures described above were used to compute block correlations and block than planned in some areas due to problems of access.
Discussion
331
The key finding of this paper is that one cannot generalize about the relationship 332 between block size and prediction quality. While increasing the block size increases block 333 correlation and concordance correlation, the effect may be very small in cases where the 
338
The block length has no bearing on uncertainty of the predictions and can be selected on 339 other criteria. If the block correlation is not deemed sufficient then this can be improved 340 only by increasing the density of sampling, or finding an appropriate covariate. should be paid to both sample spacing and block length, and it could be concluded that 347 making predictions on a 50-m block is not justified without increasing the sample density.
348
More generally one might adhere to an operational rule that, at least when mapping to 349 provide a synoptic overview, the block length is selected to achieve a block concordance 350 correlation of no less than 0.8, and if this is not achievable at the sample density available The ordinary block kriging weights for prediction from n unique observation sites, λ i , i = 1, 2, . . . n, are found by solution of the equation:
where
T andγ i denotes the mean semivariance between the ith observation and the block. Matrix
A is (n + 1) × (n + 1) with all diagonal elements zero, and off-diagonal elements [i, j] equal to the semivariance between the ith and jth observation if i ≤ n and j ≤ n. All off-diagonal elements in the (n + 1)th row and column are 1. In addition
where ψ is a Lagrange multiplier (Webster and Oliver, 2007) . In the case of the pure nugget variogram all observations are uncorrelated with each other and with the block so all weights are equal, and, because of the Lagrange multiplier required by the unbiasedness condition of ordinary kriging,
In the case of the pure nugget variogram, all off-diagonal elements of A [i, j] , i ≤ n and j ≤ n are equal to Var [Z] , as are the first n elements of b. Any of the first n equations in the system in Eq [13] therefore takes the form
and so
The ordinary block kriging variance is (Webster and Oliver, 2007) .
We can therefore write from Eqs [4] , [6] and [16] Cov Z (x B ),z(
In the pure nugget case
as all elements in λ are 1 n and C = diag {Var [Z]}; it is also the case that 
from which it follows that ρ B and ρ B,c are zero 
